INTRODUCTION
This conceptual article provides a framework for judging whether a food crisis warning system will be effective. The article is based primarily upon experience in rice-farming regions of Asia with highly seasonal employment calendars, but it formulates concepts that are sufficiently general to be applied to the evaluation of warning systems in other regions. Although conceptual, this paper does not discuss the theory of whether or not warning systems are desirable, nor does it consider budgetary factors such as the unit costs and who pays for them. No attempt is made to detail the operation of any warning system in a particular geographical context according to this framework.
The warning system shown in figure 1 is the flow of information that ensures that effective and efficient interventions are made to prevent food crises. Within the warning system, those making decisions transform knowledge about an imminent food crisis into action to prevent future food crises and minimize immediate suffering. The decision-makers have to decide: -whether or not to intervene, -which interventions to use, -whether or not the interventions are being effective, -whether changes in interventions are necessary, -whether to stop the interventions. During the 20-year period 1963-1983 there were over 400 crises or emergencies to which the international community responded with food aid (1). During the 1970s, three to four Asian countries each year were reported to be coping with a food crisis. These crises were actual or potential food stress situations that drew off funds, energy, and time from long-term development programmes aimed at sustained food security. Now the World Development
FIG. 1. Flow of Information for the Food Crisis Warning System
Report (2) is emphasizing early warning systems for food security. Some Asian countries are now incorporating early warning systems in their development plans.
The Goverment of Japan has recently awarded one million dollars for the establishment of early warning systems for Asian countries in collaboration with the Food and Agriculture Organization and the International Food Policy Research Institute. The World Bank has funded a project for "the early identification of factors suggesting existing or imminent food shortages" in areas where new settlements a replanned. The United States Agency for International Development has funded extensive studies of "managing food security in extreme conditions" and "early warning information and intervention systems" as part of national nutritional surveillance programmes. However, a crisis warning system for food security is not just a part of nutritional surveilance; it is part of the basic socio-economic surveillance necessary for national security.
Previous discussion of early warning systems to achieve food security has been remarkably incomplete. FAO and others continue to emphasize the forecasting of production shortfalls (3) (4) (5) (6) . The Office of Special Relief Operations sends missions to potential food crisis areas for careful calcuation of the food availability per capita, but they also admit that the control of the consumption of much of that food sometimes falls into the hands of the military sector (7) .
On the other hand, nutritionists and epidemiologists, often associated with WHO and UNICEF, have correctly emphasized the problem of detecting changes in consumption rather than only in production. There is a tendency, however, to confuse warning systems with forecasting systems. Their objective has been determining whether or not to sound the bell or flash the red light in order to initiate interventions (8) (9) (10) (11) . Few have evaluated the interventions as an integral part of the food crisis warning system (12) .
Recently, some scholars have also alluded to the possibility that warning systems, such as those outlined in the early South Asian famine codes, may actually reinforce relief dependency (13, 14) . They may only be Band-Aids that potentially prevent more equitable development.
FIG. 2. A New Paradigm for Evaluating Food Crisis Warning Systems
Finally, the political nuances of effective food crisis warning systems have been under-emphasized either intentionally or unintentionally (15, 16) . The mechanisms and statistics of the food crisis warning system have been studied, but the people those who operate the warning system, and those who suffer if it fails -have been forgotten.
A PARADIGM FOR EVALUATING FOOD CRISIS WARNING SYSTEMS
To remedy the above limitations, there is need for a paradigm, or way of looking at food crisis warning systems. The following section, read in conjunction with figure 2, outlines one possible perspective.
The new perspective must ensure that detection is considered in parallel with intervention. There are always on going interventions in response to early detection, for example, in pest control. Effective decision-making requires information not only about the threat of a crisis, but also about the state of readiness of various interventions: rice required for a feeding programme may continue to be exported from the area, or relief works programmes may not be adequately prepared to absorb the surplus labour of groups whose consumption is likely to deteriorate.
Food crisis managers must be viewed as central to any food crisis warning system. They are personnel in the normal goverment administration, perhaps at the level of bupatis in Indonesia or of district officers in Bangladesh. The managers have to juggle, usually amidst reduced administrative capacity, information relating to the state of detection of the food crisis and information about the interventions required to combat the crisis.
There must be measures for judging whether the warning system is functioning effectively. These are the performance criteria. Some people may state the latter in terms of never having to give out food doles. Other may see them in terms of never having anyone die of starvation in the district. The performance criteria may eventually be improved to include any crisis of severe malnutrition, but whatever the criteria are they must be clearly stated before the warning system can be evaluated.
There must be an assessment of the likelihood of a food crisis occurring in a particular food system. This decribes the vulnerability of the area. There is little point in praising a local administrator's ability in preventing food crises if his area is not, and has never been, prone to food crisis. Vulnerabililty, or the probabiliy of a food crisis, is likely to be high in areas where there are population groups with limited access to consumption because of an unbalanced distribution of income, severance of traditional patronage for the poor, and a high incidence of natural social hazards or disruptions. The existing warning system must be described. In any area vulnerable to food crises there will be an existing warning system. Both the government and the population are likely to respond to a perceived food crisis. The existing warning system may be ineffective or inefficient and so it must be improved. It is important, however, for local people to realize that there is a warning system, and therefore information providing the data it requires can help to improve the decision-making process.
The new perspective must include consideration of how the existing warning system is to seek continuous improvement. This learning system is a feedback loop that corrects faults or problems. It must be able to take into account the changing context of the warning system. Vulnerability may increase or decrease as new cropping systems are introduced, or as absentee landlords buy up land in an area, or as landless labourers are encouraged to migrate to another area. New detection procedures may evolve as information on new indicators (for example, the number of people queueing up for work) becomes available or is considered necessary. The possible list of responses or interventions may change when there is a new policy directive to remit revenue, or when a local politician demands that relief resources be used to develop a reservoir or fish pond. Finally, the performance criteria for the warning system may change: if there is an oil boom in the area, or if the area suddenly becomes strategically important, political leaders may become unwilling to accept even a small number of cases of "hunger oedema" (never mind "starvation deaths") in that area.
The people's perception of the problem must be incorporated into a food crisis warning system, or else political pressure through the media and opposition parties may force more effective alternatives. Local knowledge may improve detection by pointing out that, although the officially collated rice prices indicate that all is well, half the population is eating famine foods such as bonn kochu (Araceae spp.) in parts of Bengal, or duan turi (Sesbania grandiflora) in parts of Indonesia. Spontaneous responses by individuals or groups may be much more effective than government interventions. For example, families may move out temporarily to live with relatives elsewhere. People's linguistic perceptions of famine, as reflected for instance in nuances in local vocabularies, may suggest alternative indicators for detecting food crisis: e.g., in Bengali akla, meaning "scarcity, " may suggest short-term programmes, while durvickha, meaning a "shortage of alms, " may suggest that longer-term programmes are required.
Decisions in a warning system are made to prevent present and future crises. The aim of these decisions is to strengthen the ability of those communities served by the warning system to withstand the disruptions associated with food crises. Any response or intervention made as a result of a decision in the warning system ought to increase such community resilience. The interventions must therefore ensure sustained access to food consumption for the most vulnerable groups. They certainly must not lead to discrepancies in resource allocation and thus increase the likelihood of future food crises and chronic structural hunger.
If there is an integrated rural development programme in the area, its aim should also be to ensure sustained access to food consumption for the most vulnerable groups. The food crisis warning system should be able to detect the impact of integrated rural development strategies. The performance criteria for the warning system would then be able to monitor the impacts of new cropping patterns, village dams, or planned migration projects.
The warning system must be alert even when there are no food crises. There has to be constant revision of all the components that affect decisions made in the warning system. Training drills and simulations must instil recognition that any warning system must change even in the absence of food crises. The readiness of the warning system ( fig. 1 ) depends on the food crisis managers' being fully cognizant of changes in the regional food system ( fig. 3 ) over which they have jurisdiction for food security.
NINE CRITERIA FOR JUDGING ANY FOOD CRISIS WARNING SYSTEM
With this new perspective it is possible to discuss any food crisis warning system. The criteria for judging whether a warning system will be effective include: 1. understanding the regional food system, 2. codification of the warning system, 3. understanding the limits of the information, 4. the performance criteria for the warning system, 5. the integration of detection and response, 6. the administrative capacity of the food crisis managers, 7. the learning mechanism in the warning system, 8. the integration of the warning system with rural development, 9. methods for keeping the warning system alert.
Understanding the Regional Food System
Unless food crisis managers or their advisers understand the regional food system, both detection and response will be ineffective. For example, low flood levels may be discounted unless it is recognized that even low levels at particular times in the agricultural calendar may be destructive. A survey of wage rates may show deceptively high or low figures because of the timing of the survey. Crowds of people Iying on a railway platform may be migrant workers, not famine victims. Falling cattle prices in a market may be interpreted as suggesting asset liquidation nearby, unless it is understood that the cattle have been transported to that particular market for sale from a distant area. Food-for-work programmes may increase vulnerability both by diverting scarce food to the management team and draining off local labour through the inducement of excessive wages in kind.
Migration, the role of remittances, stocks, and storage problems are given too little prominence in the diagram, but such a schema as figure 3 provides a useful initial check list for evaluating the food crisis managers' understanding of the food system on which the statistics, rumours, and reports are collected in order to operate the warning system.
Warning system operators may gain this kind of under" standing of their regional food system in various ways. Lifelong experience augmented by the reading of history and folklore are probably the best. The "black books" of the district officers in South Asia transmit experience from one officer to his successor. Younger management personnel may be helped by anthropological and ethnological reports or theses, by journalists' and historians' accounts of past food crises, and by direct local observation. Long-term experience in understanding the food system is highly desirable. Any literature on the cultural ecology and the political economy (18) of the area will be useful. Some might question the cost-effectiveness of such knowledge of the food system, but if the manager has this in-depth understanding, the cheapest warning system would be to pay him extra travel per diem so that he and his principal deputies are encouraged to go and see what is happening within an area.
The major components or boxes in the diagram of the food system ( fig. 3 ) suggest the main areas for which a limited number of indicators ought to operate. The managers of the warning system must be sensitive to critical points in the food system. There may be certain times of year when it is difficult to get relief into an area, or to implement a food-for-work programme. There may also be a seasonality in labour demand and famine-food consumption. Certain areas may have a large proportion of debt-bound, landless households.
The managers must know the dynamics of their food system. The introduction of a "catch" crop in one area may affect migrant labour demand in another area. The mortgaging of labour by a tribal group may make them susceptible to food stress at a later date. Changes in goverment policy on relief food allocation may have consequences on leakages from the food distribution system. Food crisis managers need not know what these impacts will be, but they must have the commitment and ability to investigate such possibilities.
Codification of the Warning System
There are informal and formal warning systems in all areas vulnerable to food crises. Informal ones may range from community prayers offered to weather and crop deities or signs of anxiety if no rain has occurred by the second week of the planting month to a tradition of selective migration as increasing dearth is detected.
Formal public warning systems began at least as far back as the "Book of Orders" in sixteenth-century Britain (19) . They probably reached their greatest degree of sophistication with the Famine Codes of South Asia in the late nineteenth and early twentieth centuries after a series of severe famines. The managers or administrators during that period gained a great deal of experience in preventing food crises. In other areas the rural administration may have "standing orders" for what to do if there is a food crisis.
My reason for stressing the careful description of the existing warning system, however poorly it may perform, is to emphasize that improvements may be made in warning systems, even though there are no regularly collected statistical series of the kind that nutritional surveillance has traditionally included (20) . Codification identifies "gaps in the armour" and hence opportunities for improvement.
Other reasons for carefully describing the existing system include the need to understand the geographical and functional limits of the warning system. The system may be designed to cope with a world-wide food crisis situation. It may be to alleviate food crises resulting from an absolute shortage of food, from difficulties in distributing food from one area to another, or from a drop in purchasing capacity. The food crises being alleviated at any particular time may be completely different, such as when people's ability to benefit from food intake is reduced because of an epidemic of diarrhoeal disease.
The final reason for describing the warning system is for training other managers in the area as well as managers from other areas. The description should emphasize which parts of the existing decision-making process are transferable. The description of the system will be particularly useful in judging how effective the system is, as opposed to how forceful and effective the personality of the present food system manager is.
There is no one way of describing a food crisis warning system. It may be compiled as a manual like the Bengal Famine Code (see Annex at the end of this article)preferably loose-leaf. Those with a penchant for systems engineering may produce a blueprint of a systems model. These or other methods must clearly detail the attributes of the information used (both the formal information networks and the informal ones, however casual) at particular decision points, such as meetings. They must state who uses which decision rules -e.g., what proportion of the 10 most vulnerable families have to be eating famine foods before a particular intervention is implemented. Any contingency plans, in the event that there is an error in decision-making, should also be described. This description of the warning system, along with details of any changes and the rationale for such changes should all have the common aim of improving decision-making for preventing food crises.
Understanding the Limits of the Information
Almost all managers operate with incomplete information. It is important that food crisis managers know the limits of their data. The reasons data for detecting food crises are often incomplete and inaccurate have been analysed elsewhere (21) . Jodha has presented data clearly illustrating the errors sometimes as much as 300 per cent -in information on interventions during a food crisis (22) .
Whatever information is being used in making the decisions to prevent food crises, the limits of that information should be known by the manager. A subtle but crucial example of the limits of information is illustrated by the Indonesian saying that summarizes the attitude to information relating to food crises in many other countries, "ABS, " which stands for Asal bapak senang ("As long as the boss is satisfied"). If the boss wants to hear about imminent food crises, it is highly probable that the warning system will be very sensitive to potential food crises. All of these data streams involve judgements that may be made by underpaid clerks. In almost all cases the person making the judgement is accountable to someone. The judgement may be affected by the person's accountability. The manager must know how limited his information is. -Are the data consistent? For example, is the same type of rice used each time the price is recorded? It is necessary to know these limits to the information, but this does not necessarily mean that more precise information must be gathered. As an example, when one hears that an intervention was triggered on the basis of a quick aerial reconnaissance of a war-torn country, a more detailed and costly survey to detect the magnitude of the problem may not be necessary. The first question ought to be about the costs, lead times, and manpower required to implement the response recommended after the aerial reconnaissance. Only then should these constraints on the response be compared with the limitations of the data that suggested the need to respond. Some examples of factors that affect the data are: -the experience of the reconnaissance team or person, -the agricultural season of the flight, -the representatives of the area, -the likelihood of a food crisis occurring amidst scenes of apparently plentiful production, -the likelihood of only certain sections of society having access to the production or being unable to consume it because of illness, -the likelihood of certain types of food production, such as house-gardens, being invisible to any aerial survey team. Most of all, the decision to spend more resources on detection should be made only if the results of the air reconnaissance have been inconsistent with other available information. In medical terms, what is suggested is a "therapeutic trial" based on the knowledge that the available information is limited, rather than an epidemiological survey that will document symptoms rather than the processes causing those symptoms. The accuracy and precision of the warning system's ability to detect a food crisis should be no greater than the accuracy and precision of its ability to respond.
The Performance Criteria for the Warning System
These criteria indicate what the warning system is meant to do. They are the criteria for judging its success or effectiveness. Different groups will have varying ideas about what a food crisis is. There should be an operational definition agreed upon by all the people involved with the warning system. Those involved in improving the warning system must decide whether it is meant to prevent communities fragmenting because of the crisis, cases of hunger oedema, starvation deaths, any delay in the distribution of food relief, structural hunger, or seasonal scarcity. They must also decide whether the system is to prevent two out of three food crises in which over 1,000 starvation deaths are recorded, or whether it aims to prevent food crises in which there are 10 or fewer cases of hunger oedema twice in ten years.
Performance criteria should also contain a cost specification in determining what constitutes a successful system. It might be suggested that the costs of success are potentially high because the political costs of an unreliable system are high. In other words, regimes could fall if a food crisis occurs. Nevertheless, there are real political limits to costs because no government wants to have to provide food relief to an area year after year with no sustained impact.
Performance criteria are necessary politically in order to maintain the credibility of the system. Reporters and opposition spokesmen may bandy about unique photographs of a single child suffering from marasmus precipitated by post-measles diarrhoea. The managers of the warning system can refute such evidence by citing the performance criteria if they are written to exclude such conditions. The system itself has not failed in this case.
FIG. 4. Hypothetical Detection-Response Calendar

The Integration of Detection and Response
The response and detection system must be integrated. Traditionally, only the detection section of the agricultural calendar ( fig. 4 ) has been emphasized as part of the warning system (23, 24) . Few would argue, however, that work programmes should be maximized when wages peak in agricultural production activities. Understanding the response calender is as important as understanding the detection calendar.
The management of a food crisis warning system must have an understanding of the trade-offs between lengthening the lead time for detection and shortening the response time for interventions. The manager must also understand the trade-offs between the additional costs of increasing the validity of indicators and lowering the costs of intervening.
Attempts to select the best detection and response procedures should be developed while the warning system is operating in an ongoing food crisis situation. For example, would it be better to import food from farther afield with a longer lead time or try to import another type of food from closer at hand if it is difficult to increase the lead time using available methods of detection? Such decision-making studies will form the basis for training and keeping the warning system active. Any warning system is only as good as its interventions allow. The time and cost of the most appropriate interventions should help decide whether or not there is a need to improve the ability to detect food crises.
This co-ordination of detection and response is crucial at all levels in the administrative hierarchy. Some interventions, such as price control, procurement, and revenue remission at the district level may be pre-ordained by national policies. Other interventions may be constrained by local conditions; thus one cannot dig wells in basalt areas, especially if the water table lies far below the surface. There are probably many interventions that the food crisis managers at the district level can trigger by themselves, such as opening a gruel kitchen or allowing people to graze cattle in a public forest. The manager must know how effective his interventions are. For example: -Have the brickworks that he has opened attracted the unskilled landless labourer? -Has the subsidized rice been bought by the poorer groups? -Are the chronically malnourished working in the stone-chipping programme? The objective at all levels is to target the interventions to the people who need them at the most appropriate time in the most appropriate place.
The Administrative Capacity of the Food Crisis Managers
Like all managers, those managers who ameliorate and prevent food crises juggle personnel, resources, scheduling, costs, and objectives. They may be military or ax-military people with a particular style of management and allegiances to particular political groups. Sometimes they are locally elected people who are sensitive to the local informal channels of communication. In other cases they are rotated from area to area within the civil service and principally concerned with rapid upward mobility. Thus they are motivated to achieve short-term rather than long-term performance criteria. Their training may be both academic and vocational. Some may have been trained using a specific set of standing orders in manuals or codes. They may have experience in dealing with other food crises, which makes it important to know where and what type of warning system was in use. They may be urban-bred or rural-born and sensitive to the rhythm of rural life. Their operation of the warning system may be a vocation or merely an assigned role. As well as their need to understand the regional food system, they must also be constantly able to improve their warning system, to seek out weaknesses in the way it operates and then to take corrective measures.
The key actors must have strong working relationships, not only with their superiors in the national and international warning system, but also with the lowerlevel managers. They must work well with their colleagues in agriculture, food, health, public works, logistics, and local government. In concert with their teams at the district level, they are probably the only people capable of breaking out of the "administrative trap" (25) and co-ordinating the normally fragmented government approach. They should be forceful personalities with the ability to cut through red tape when necessary. The personality and cultural or ethnic background of the food crisis manager can easily affect the effectiveness of the warning system.
Any evaluation of a warning system must also determine how discriminating the manager is when making decisions based on casual dialogue with friends rather than checking the findings against other sources of information. Perhaps he is under pressure from those above him to meet targets. If so, will he be loath to admit to problems and also less ready to be seen responding to them? On the other hand, there may be pressures for him to exaggerate problems and intervene excessively. The pressures on the food crisis manager are just as great as those on any other crucial managerial positions, but to date the training of this specific type of management has only been through experience.
The Learning Mechanisms in the Warning System
Any food crisis warning system should be improved continuously. It must have a mechanism for coping with changes in the performance criteria, changes in crops, and changes in the agricultural calendar. Populations may outgrow planned storage levels. New migrants may settle in the area. Policies may change, managers may change, and new interventions may be tried. Modernization may mean that face-to-face contact is replaced by formal communication channels. Particular detection indicators may become irrelevant. There is little to be gained by monitoring the sale of gold ornaments if all of the poor sold their ornaments in the last food crisis.
The food crisis managers must learn how to learn. As new processes begin to operate in the regional food system, the managers must make modifications in the warning system. Post-crisis or yearly audits should be held, such as the former Famine Commission reports and more recent appraisals of the response to food crises in India (26, 27) . There may be a special cell charged with studying and integrating changes, but there must be somewhere a mechanism to identify new alternatives. The reasons for any changes made should be documented in order to avoid repetition of previous weaknesses.
The manager should recognize that other interventions are going to affect the operation of the warning system. A rice field attacked by blight or insects may be detected, precipitating an immediate, effective spraying of the field by the pest control service. If the activities of the pest control service are not being monitored by the warning system, a food relief programme may be inefficiently triggered in the area.
The Integration of the Warning System with Rural Development
Some have argued that a food crisis warning system should successfully generate curative actions to eliminate the adverse effects of food crises and later turn to more preventive, long-term approaches to removing all malnutrition and hunger. Most curative interventions should concurrently serve a long-term, preventive function. Similarly, many preventive interventions should be adaptable to serve a curative function. Relief must be put in a development context. The ultimate goal is a resilient food system in the area-free not only from food crises but also from the hunger associated with structural poverty (fig. 5 ).
The food crisis warning system can be a vehicle for integrated rural development. Food relief and irrigation programmes must be designed to reach the poorest of the poor by giving them greater access to food and to the means of producing their own food. The manager should be concerned with redesigning relief programmes so that they are not merely palliatives. This will involve collaboration with the political process to encourage those changes most likely to bring greater equity of access to food in the agrarian structure at times of crisis. The manager should also be concerned with preparing work programmes or immunization schemes targeted to particular areas in order to ensure that they mesh with long-term integrated rural development plans.
The co-ordination role for the warning system should be through the Ministry of Rural Development or Provincial Development to the Ministry of Home Affairs, or whichever ministry co-ordinates development administration. Health ministries and traditional nutritional surveillance expertise should preferably not be charged with implementing early warning systems. Their role should be to evaluate the performance of the early warning system. Such surveillance should monitor whether the relief ministries, the public works department, and all the rural development projects are indeed reducing hunger and its causes in the regional food system.
FIG. 5 The Hunger Transition: A Normative Model -Putting Food Crisis Management in a Development Context
Methods for Keeping the Warning System Alert
"Crises" are not frequently recurring events. There must be a method for preventing managers from losing their vigilance and the procedures from becoming rigid. The Bengal famine of 1943 appeared almost 30 years after any previous food crisis, and Kampuchea's problems of the 1970s evolved almost 40 years after the last food crisis in what is normally a food-surplus nation.
There are at least three approaches to coping with atrophy in the warning system. The first is internal, through regular training procedures with mock food crisis manoeuvres. Food crisis "games" can be played like war games. They can be played by the food crisis managers in response to the collection of a piece of false information in the response system, such as a national directive to release a certain amount of food to the market at a reduced price. Simulated ideas for training can come from past food crises in the regional food system. They could also come from other food crisis managers throughout the world who have successfully prevented food crises.
The second approach to preventing ennui resulting from the system's lack of priority because of more pressing social or economic concerns is to persistently reform the performance standards so that the warning system is also dealing with those concerns. As the performance criteria are changed in order to prevent structural hunger, the manager of the system will have to explore the causes of hunger in the regional food system if he is to provide development solutions.
A third approach to keep the system alert is to train and educate those outside the formal food crisis warning system. Discussions can be held with journalists, who normally report on the symptoms of crises, in order to increase their sensitivity to signs and signals of the emerging processes that lead to the crisis. Education can raise the consciousness of children in areas vulnerable to food crises. Similarly, government officers in their initial training can be immersed for a short time in a rural food system and given details of the food crisis warning system. Constructive questioning from outside may be one method of increasing vigilance within the warning system and of preventing people from beginning to take advantage of the system.
CONCLUSIONS
This conceptual article has defined what food crisis warning systems are, has illustrated their complexity, and has emphasized the research and training needs necessary to create reliable warning systems. The nine criteria are probably more eclectic than those considered by some groups designing warning systems. This article may provide the basis of a first checklist for an evaluation handbook for the many new warning systems that are being set up in different countries. It will provide the springboard for training food crisis managers to learn from past and present warning systems in other areas of the world. The comparative evaluation of warning systems in different areas will improve their efficiency and lead to the more effective management of food crises.
